• There is no presenting parameter that predicts the success of neoadjuvant therapy for pancreatic cancer.
LESSONS LEARNED
• There is no presenting parameter that predicts the success of neoadjuvant therapy for pancreatic cancer.
• Despite the images on scans following neoadjuvant therapy, all patients should be evaluated, because inflammation following radiation therapy (RT) may overstate the extent of tumor and vascular involvement.
ABSTRCT
Background. In patients presenting with locally advanced pancreatic adenocarcinoma deemed unresectable by two pancreatic cancer surgeons, we analyzed presenting tumor size, extent of vascular involvement, tumor markers, response to neoadjuvant gemcitabine (G), docetaxel (T), and capecitabine (X) with or without additional chemoradiotherapy with GX on R0 resection rates (2 mm margins), and survival. Methods. All patients had baseline magnetic resonance imaging (MRI) and/or computed tomography (CT) scans and endoscopic ultrasound. A baseline positron emission tomographycomputed tomography (PET-CT) was performed in 39 patients. The scans were reviewed by two radiologists. GTX (gemcitabine 750 mg/m 2 and docetaxel 30 mg/m 2 on days 4 and 11 with capecitabine 1,500 mg/m 2 days 1-14) was administered on a 3-week schedule for 6 cycles to patients with both arterial and venous-only involvement. Patients in the arterial arm received GX/RT before surgery, and those in the venous arm received GX/RT after R1 resection. Standard-dose RT was delivered by intensity-modulated radiation therapy (IMRT) or conformal fields to 5040 cGy along with capecitabine for 5 days and gemcitabine on day 5 of weeks 1, 2, 4, and 5 of RT, starting with the first full week of RT.
A cancer antigen test 19-9 (CA 19-9) was obtained at baseline and days 4 and 11 of each cycle. The rate of change in CA 19-9 was calculated using the formula: (Log 10 CA 19-9 time 0) 2 (Log 10 CA 19-9 at 9 weeks)/9 weeks. This was derived based on the observation that the fall in CA 19-9 following effective chemotherapy is a second-order function. Results. Of the 34 patients with arterial involvement and 11 with extensive venous involvement who met the eligibility criteria and began GTX, only 5 patients in the arterial arm did not undergo subsequent resection. The remaining 40 patients were included in this analysis of presenting parameters with respect to R0 resection, disease-free survival (DFS), and overall survival (OS). R0 resection was achieved in 28 of 40 patients (70%), and R1 resection in the remaining 12 (30%). The OS after R0 resection was a median 37 months (95% confidence interval [CI]: 29.3-44.7) compared with 29 months (95% CI: 28.5-41.5) for those with R1 resection.
Excluding four postoperative deaths, median DFS for the 25 (71%) with R0 resection was 31 months (95% CI: 11.3-51.1), and the median DFS for R1 resection was only 14 months (95% CI: 11.1-17). Eleven of the twenty-eight (39%) patients achieving R0 resection have not relapsed (median 5 45 months, range 5 25-71 months). Conclusion. R0 resection, the goal of neoadjuvant treatment, can be achieved in 70% of patients presenting with locally advanced pancreatic cancer. The median DFS was 31 months (95% CI: 11. 3-51.1). No relationship was found with tumor size, degree of vascular involvement, carcinoembryonic antigen test (CEA), CA 19-9, degree of tumor regression on scan, fall in CA 19-9, or SUV on PET scan and subsequent survival. Thirty-four patients were in the arterial arm. Five did not undergo surgery because of lack of significant response (2), refusal of operation (1), death during chemotherapy (1), and error in scan interpretation (1) . Four patients died in the postoperative period, so the analysis is limited to the 25 patients with arterial involvement who underwent surgery and survived the postoperative period. The only item that may be significant is the degree of hepatic artery involvement because only two of the six patients with greater than 180-degree involvement achieved R0 resections. Although those with more extensive arterial involvement may fare worse, some with >180-degree arterial involvement, including hepatic artery involvement, still achieved R0 resections. 
DISCUSSION
R0 resection is not possible in arterial presentations without arterial resection or neoadjuvant therapy. For those with arterial involvement, we found no difference in the resection rate for those with greater than or less than 180-degree involvement of the artery with tumor (p 5 .5). Twenty-five percent of patients are alive and disease-free beyond 32 months, and relapses after 24 months of complete remission are rare.
There was no presenting parameter-tumor size, degree of vascular involvement, CA 19-9, or PET SUV-that predicted the success of this approach.
The only patient with R1 resection alive beyond 38 months was in the venous-only arm and received GX/RT following resection.
Analysis of parameters predicting outcome of neoadjuvant therapy is shown in Table 1 .
There was a difference in tumor area at initial presentation by MRI or CT scan (p 5 .02) that correlated with R0 resection (p 5 .02), but there was significant overlap between the R0 and R1 groups. Neither tumor volume nor SUV by PET analysis distinguished between subsequent R0 and R1 resections or recurrence (p 5 .52 and p 5 .68). Standardized uptake value did not predict DFS (p 5 .85).
There was no statistically significant difference in R0/R1 resection (p 5 .43), survival (p 5 .51), or recurrence (p 5 .79) related to the degree of response on imaging following chemotherapy.
There was no statistically significant difference in R0 resection or DFS between those with less than 180 degrees of encasement and those with greater than 180 degrees of encasement (p 5 0.5).
The CA 19-9 was elevated in 35 patients (median 5 501, range 5 69-6,363). There was no difference in the CA 19-9 level between those achieving R0 and R1 resections (p 5 .74). Although a higher CA 19-9 at presentation was associated with a shorter DFS (r s 5 2.42, p 5 .04), the CA 19-9 level after 3 cycles (p 5 .29) or 6 cycles of treatment did not correlate with DFS (p 5 .29 and p 5 .10, respectively). By the end of cycle 6, the CA 19-9 had normalized in 14 of the 35 (40%) patients.
This study supports treating all patients who are surgical candidates and have laparoscopy-confirmed locally advanced pancreatic adenocarcinoma with neoadjuvant GTX 1/2 GXRT. With this therapy, the 40% of patients presenting with locally advanced pancreatic cancer can achieve a survival rate similar to that of the 15% of patients presenting with "resectable" cancers. The primary objective of this study was to determine the effect of neoadjuvant chemotherapy on the 2-year DFS rate. The secondary objectives were to assess toxicity and efficacy for resection. The standard 2-year DFS rate for patients with stage II and III pancreatic adenocarcinoma is 5%. We tested the hypothesis that this survival rate is increased to 20% for patients with venous involvement who receive neoadjuvant therapy. To achieve 80% power to detect the difference between 5% using the standard treatment and the 20% using the proposed treatment at the .05 significance level, we planned to accrue 32 patients to receive the proposed treatment. We planned to treat at least 30 patients with arterial involvement (group II) with about the same accrual time (2 years). They were assessed for resectability and followed for survival and sites of relapse. Data reporting the primary outcome of this study have been previously reported [1] . The present analysis was undertaken to determine whether prognostic factors could be identified that would predict the utility or futility of this approach. Parameters analyzed for prediction of outcome were tumor size, degree of vascular involvement, CEA, CA 19-9, degree of tumor regression on scan, and fall in CA 19-9 or SUV on PET scan. Note that if the bilirubin was elevated at presentation, treatment was instituted following bile duct stenting, when the bilirubin fell to 1.5 mg/dL. CA 19-9 was re-evaluated before treatment started. Statistical Analysis: Comparison and correlation of parameters with OS and DFS were performed using the Mann-Whitney U test and univariate regression analysis. Kaplan-Meier analysis with log-rank test was performed. A p value of <.05 was considered statistically significant. All statistical analysis was performed using a software package (SPSS version 24.0; IBM, Chicago, IL).
Investigator's Analysis
Active and should be pursued further 
PHASE II NEOADJUVANT GTX ADVERSE EVENTS
Adverse events for this study appeared in the original report [1] . Regarding serious adverse events, one of the patients with a biliary stent presented to the emergency department with hypotension 3 days after treatment. At the time of treatment, the white blood cell count was 3,400. He died of presumed sepsis.
ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion
Study completed Investigator's Assessment
Active and should be pursued further Pancreatic cancer is one of the most difficult to treat cancers. It is often discovered too late for surgical resection and historically has been among the most refractory of cancers. A complete surgical resection offers the only prospect of cure, and at the time of diagnosis, only 10% of patients have disease that is considered amenable to resection. This has led to efforts to downstage disease by the administration of combination chemotherapy in the neoadjuvant setting. To date, regimens used in this setting are derived from data obtained in the metastatic setting, and the choice of regimen often depends on the clinician's impression of the patient's ability to tolerate that regimen. The choice is typically made between the two leading regimens for metastatic disease: FOLFIRINOX and gemcitabine/nab-paclitaxel. The authors, together with investigators at Columbia University Medical Center, developed a regimen, GTX, which combines agents from both regimens. Data for this study were first reported in 2015 [1] ; the current report represents an update on the clinical results with longer followup and an analysis of factors that we hypothesized would be predictive of outcome.
Neoadjuvant therapy has become widely accepted in the management of pancreatic cancer. A recent meta-analysis published in Lancet Oncology reviewed 11 studies with 315 patients with "bordeline resectable" locally advanced pancreatic cancer [2] . The study reported that a quarter of patients treated with FOLFIRINOX for locally advanced pancreatic cancer underwent a surgical resection; three-quarters had an R0 resection. The study noted that many of the trials reviewed were retrospective studies, and that there was no consensus of opinion about which patients are fit for FOLFIRINOX or which patients could have been resected without neoadjuvant treatment with venous resconstruction [3] . Among the studies reviewed, median overall survival ranged from 10 months to 32.7 months, with a median overall survival of 24.2 months. Progression-free survival (PFS) ranged from 3 months to 20.4 months, with a median PFS of 15 months. Others have reported lower R0 resection rates [4, 5] , which likely reflects differences in what is initially considered "borderline" or "locally advanced" disease and what surgeons are willing to attempt following neoadjuvant therapy.
Our study with GTX demonstrated that R0 resection, the goal of neoadjuvant treatment, can be achieved in 70% of patients presenting with locally advanced pancreatic cancer [1] . The e7 Pancreatic Cancer Survival with Neoadjuvant GTX median DFS after R0 resection was 31 m (95% confidence interval [CI]:11.3-51.1). All 10 venous-only patients were resected, but only 29 of 34 with arterial involvement were resected; however, there was no difference in the median DFS between venous-only and arterial involvement (p 5 .82) following R0 resection. Further, 25% of all patients have not relapsed (median 5 45 months, range 5 25-71 months). We have seen no relapses after 24 months of complete remission. With respect to DFS, four postoperative deaths (liver failure, sepsis, arterial clotting, and pulmonary embolus) and one patient who died following an unrelated fall 15 months after surgery (3 R0, 2 R1) were excluded from analysis. The median DFS for the 25 (71%) with R0 resection was 31 months (95% CI: 11.3-51.1), whereas the median DFS for R1 resection was only 14 months (95% CI: 11.1-17). The difference in DFS between R0 and R1 was significant irrespective of type or degree of vascular involvement (p 5 .04). For those achieving R0 resection, there was no difference in the median DFS between the 7 patients with venous-only and the 18 patients with arterial involvement (p 5 .82).
In this study, we stratified patients between arterial and venous involvement, and excluded patients with venous-only disease that could be resected with venous reconstruction. Those with arterial involvement of any degree were included because these patients are not believed to be surgically resectable without prior treatment. This analysis shows that there is no presenting feature that identifies patients with laparoscopically confirmed locally advanced pancreatic cancer (LAPC) who will or will not respond adequately and subsequently undergo an R0 resection with the same chance of long-term DFS as those presenting with primarily resectable tumors. For LAPC, all patients should have laparoscopic evaluation prior to treatment and 15%-20% will be found to have metastatic disease not seen on imaging. This observation was reconfirmed in our study, making 16% of the patients registered ineligible for the study. Laparoscopy should be considered routine in staging for neoadjuvant treatments given the high incidence of metastatic disease, even with modern imaging techniques [6, 7] . Related to this, no patient developed metastasis while on study.
We did not complete enrollment in the venous-only arm because almost all patients presenting with venous onlydisease were deemed resectable with venous reconstruction, even though they would fall into the definition of borderline resectable disease. As expected, all our patients with venousonly disease were resected. Other reported neoadjuvant studies included in Suker's meta-analysis include primarily patients with venous-only disease, so the benefit of those therapies is difficult to assess. Because there is no proven effective neoadjuvant regimen, this was not designed as a randomized study. We did not find the degree of arterial involvement to predict subsequent resection or survival; however, all patients screened with 360-degree encasement had metastatic disease.
There was no statistically significant difference in R0 resection or DFS between those with less than 180 degrees of encasement and those with greater than 180 degrees of encasement (p 5 .5).
There was no statistically significant difference in R0/R1 resection (p 5 .43), survival (p 5 .51), or recurrence (p 5 .79) related to the degree of response on imaging following chemotherapy, although the two patients who did not have disease response did not undergo resection.
CA 19-9 is a validated tumor marker in pancreatic cancer, reflecting response to therapy and progression [8] . The CA 19-9 was elevated in 35 patients (median 5 501, range 5 69-6,363). There was no difference in the CA 19-9 level between those achieving R0 and R1 resections (p 5 .74). Although a higher CA 19-9 at presentation was associated with a shorter DFS (r s5 20.42, p 5 .04), the CA 19-9 level after 3 cycles (p 5 .29) or 6 cycles of treatment did not correlate with DFS (p 5 .29 and p 5 .10, respectively). By the end of cycle 6, the CA 19-9 had normalized in 14 of the 35 (40%) patients.
Those with elevated CA 19-9 were just as likely to have an R0 resection as those with normal CA 19-9 (p 5 .33) at presentation. Residual elevation of CA 19-9 did not correlate with DFS. No relationship was found between the rate of decrease in CA 19-9 and the incidence of R0 resection (p 5 .44) or DFS (p 5 .93). Even the patient with CA 19-9 of 6,363 achieved R0 resection. Of the 13 patients whose CA 19-9 remained elevated after neoadjuvant treatment, 8 (62%) achieved R0 resection. Of the 14 patients who had normalization of CA 19-9, 10 (71%) had R0 resections.
Given the data supporting use of FOLFIRINOX in pancreatic cancer, a randomized study between FOLFIRINOX and GTX should be considered in the neoadjuvant setting. Future studies should clearly define respectability [4] . Imaging must be centrally reviewed for venous-only involvement and arterial involvement, and these patients must be considered separately. Further, stringent criteria for R0 resection (2 mm margins) need to be stated [9, 10] . Smaller margins have the same survival as R1 resected patients or unresected patients in large retrospective series of patients with resectable disease. And, finally, an argument can be made for assessing the underlying genetic aberrations in patients enrolled on such studies going forward. In a preliminary analysis of patients treated with GTX, we found that outcome of patients with tumors bearing KRAS G12D and G12V mutations had poorer outcome than patients with G12R or G12C mutations [11] . Similarly, patients with pancreatic cancers bearing BRCA mutations may have different outcomes, depending upon the chemotherapeutic regimen administered [12] .
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